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Abstract 
The acrylonitrile butadiene styrene “ABS” resin is used in a variety of exterior and chassis electrical products, it have 
been contained brominated flame retardants to prevent fire accidients. If the resin (ABS) was thermally decomposed, the 
bromine compound was mixed in the pyrolysis oil. In this work, the fraction of acrylonitrile butadiene styrene “ABS” 
containing brominated flame retardants was pyrolyzed by using a reflux-condenser apparatus installation at 450°C.And we 
used additives of sodium hydroxide “NaOH”, calcium hydroxide “Ca(OH)2” and scallop shell. The total bromine 
compounds in product oil could be reduced from 296 mg/L to 27 mg/L by NaOH. 
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1. Introduction 
The management and treatment of waste electrical and electronic equipment (WEEE), of which about 50 
million tons are annually generated worldwide, is becoming a major concern [1]. The production of WEEE, 
such as TV housings, computer casings, refrigerator casings and washing machines, consequently results in 
environmental problems due to the use of harmful materials (e.g. plastic additives, metals). According to the 
WEEE EU directive, the fraction of major plastics associated with WEEE demands their recovery [2]. WEEE 
mainly consists of metals and plastic materials. The plastic fraction includes high impact polystyrene (HIPS) 
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and acrylonitrile-butadiene-styrene copolymer (ABS), and more than half of computer housings are made of 
HIPS, with the next biggest fraction being ABS [3].Various pyrolysis processes have been tested for 
processing plastics which contain brominated flame retardants (BFRs) including fluidized bed pyrolysis [4], 
two-stage pyrolysis [5], long residence time pyrolysis [6], and pyrolysis in the presence of iron and calcium 
based catalysts [7]. Recently, William et al. [8] reported that the removal of bromine content of Br-ABS by 
using zeolite ZSM-5 and zeolite Y-Zeolite was carried out in a fixed bed reactor at 440°C. The concentration 
of bromine in oil was 2.7 wt% without zeolites, and the contents of bromine in oil contained 2.6 wt% with 
zeolites. Joo-Sik Kim et al. [9] also reported that the removal of bromine content of HIPS by using various 
Ca-based additives (CaO, Ca(OH)2, Oyster Shell) was carried out in a bench-scale system equipped with a 
fluidized bed reactor at 460ºC. It was found that the concentration of bromine in oil was 5 wt% without 
catalyst, and the contents of bromine in oil contained 1.6, 1.3, and 2.7 wt% with various Ca-based additives. 
The present study, Br-ABS are pyrolyzed with or without NaOH, Ca(OH)2 and scallop shell using a reflux-
condenser at 450ºC. It is demonstrated that using a reflux-condenser in combination with additives are 
expected for reducing to trace amounts of bromine compound in product oil. 
2. Experimental 
2.1. Materials 
Brominated flame retardant of acrylonitrile-butadiene-styrene resin (ABS) used in this study was obtained 
from Asahi Kasei Chemicals Co. Ltd. (Tokyo, Japan). Raw material contains ABS 65%, flame retardant 30% 
and others 5%. The elemental composition of ABS was shown in Table 1.The additives of NaOH and 
Ca(OH)2 were obtained from Wako Pure Chemical Industries, Ltd. The shell powder was used scallop shell. 
Table 1. Elemental analysis of raw material Br-ABS used in this study. 
Elemental composition (wt. %) 
Carbon Hydrogen Nitrogen Oxygen Bromine Antimony Chlorine 
71.9 6.6 3.9 2.4 10.7 3.5 1.0 
2.2. Experimental Apparatus and procedure 
The experimental apparatus used in this study was shown in Figure 1. The glass reactor (length: 130 mm; 
i.d. 50 mm) and the glass reflux condenser (length: 350 mm; i.d. 12 mm) were used. The pyrolysis of Br-ABS 
plastic was performed in a glass reactor under atmospheric pressure in nitrogen gas with a reflux condenser. 
Approximately, 60 g of Br-ABS were added into the reactor for thermal decomposition. The additives are 
used to select the amount of each most effective additives (3 g of NaOH, 12 g of Ca(OH)2 and 12 g of shell). 
In a typical run, the reactor was purged with nitrogen gas at a flow rate of 50 mL/min and held for 60 min to 
remove oxygen from the reactor. After nitrogen substitution, nitrogen gas flow stopped and the pyrolysis 
experiment was performed. The temperature of the plastic bed was measured as the decomposition 
temperature, and the reactor temperature was increased to the decomposition temperature (450°C) at a heating 
rate of 5°C/min and held for 30 min. During the experiment, the reflux-condenser (200°C) was heated to the 
desired temperature. A portion of the hydrocarbon gases condense in reflux condenser and falls back into the 
reactor. The uncondensed fractions passed through the reflux-condenser, and product oil is collected with cold 
water condensers. Moreover, the non-condensable gases, which pass through cold water condenser, were 
collected in an aluminum bag via bubbling in the alkaline water solution. After pyrolysis, the residue was 
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remained in the reactor. All the tests are carried out for a fixed time (2 hours).The pyrolysis products (oil, gas 
and residue) were calculated mass balance after experiments. 
2.3. Analysis procedure 
The elemental composition of Br-ABS was determined using a PerkinElmer 2400, EAI CE-440F and 
Combustion Ion Chromatography. The element of carbon, hydrogen and nitrogen was analyzed by 
PerkinElmer 2400 and EAI CE-440F. The halogen of bromine and chlorine was determined using 
Combustion Ion Chromatography and the antimony was determined by JIS K0102 (2010).All oils were 
diluted with methanol, and quantitatively and qualitatively analyzed by comparing the peaks obtained by Gas 
chromatography–mass spectrometry (GC/MS). The main compounds were identified by the GC/MS spectrum 
library (match quality higher than 90%). All samples were analyzed by 5890 SERIES GC and 5972 SERIES 
Mass Selective Detector (MS) on an FUSED SILICA capillary column (60 m u 0.25 mm i.d., 1.0 μm film 
thickness), with pure helium used as the carrier gas. The analysis condition was carried out from 40°C up to 
290°C at a temperature rate of 5°C/min. The temperature of injector was set up at 250°C and that of the 
detector at 280°C. It can identify the substances which have 35-400 m/z. 
 
Fig. 1. Schematic diagram of the pyrolysis reactor with a reflux-condenser. 
Table 2. The product yield of Br-ABS by additives (Shell, Ca(OH)2, NaOH). 
Product yield (wt %) Br-ABS Shell Ca(OH)2 NaOH 
Oil 64.16 61.27 62.49 62.57 
Residue 29.91 33.73 33.13 29.64 
Gas 5.93 5.00 4.38 7.79 
3. Results and discussion 
3.1.  Mass balance of products 
The product yield of Br-ABS and additives (NaOH, Ca(OH)2, Shell) were shown in Table 2. Regardless of 
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additives, the yield of oil is over 60 %, and that of residue is 30-34 %, and that of gas is 5-8 %, which means 
that oil is the highest yields product via pyrolysis, but the product yield was different depending on additives. 
When without of any additives, the yield of product oils was increased, while that of the residue decrease. 
Therefore, the amount of residue is higher since the additives of shell and Ca(OH)2 other experiments.  
3.2. Analysis of oil product 
The component of product oil was identified by GC/MS. The GC/MS chromatograms of product oil 
obtained from Br-ABS and additives are shown in Figure 2 (a-d). The major compounds are 1.toluene,   
2.ethylbenzene, 3.styrene, 4.cumene, 5. -methylstyrene, 6.2-bromophenol, 7.3-bromophenol, 
8.isopropylphenol, 9.propane, 10.benzene, 11.4-methyl-2,4-diphenyl-1-pentene and other compounds. The 
bromine compound was detected as 2-bromophenol, 3-bromophenol and 2,4-dibromophenol. The components 
of oil are decreased depending on additives. 
 
 
Fig. 2. GC/MS chromatograms of oil products via pyrolysis (a) Br-ABS (b) Br-ABS+NaOH (c) Br-ABS+Shell (d) Br-ABS+Ca(OH)2. 
3.3. Effect of additives to provide the product oil components 
With decreasing depending on additives, the bromine compounds in oil decrease. The total concentration 
of 2-bromophenol, 3-bromophenol and 2,4-dibromophenol using reflux condenser at 450ºC are 296.46 mg/L,  
215.38 mg/L, 116.45mg/L and 27.17 mg/L, respectively (Figure 3).These results indicate that the oil 
containing low bromine compounds can be obtained via pyrolysis using reflux condenser and addition of 
NaOH.  
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Fig. 3. Concentration of bromine compounds in the product oil of Br-ABS and additives. 
4. Conclusions 
Br-ABS are pyrolyzed with or without NaOH, Ca(OH)2 and scallop shell using a reflux-condenser at 450ºC. 
The pyrolysis oils obtained in all experiments mainly consisted of isopropyl alcohol, toluene, ethylbenzene, 
styrene, cumene, propylbenzene and -methylstyrene which are similar to the contents in heavy oil. The 
bromine compounds in oil were 2-bromophenol, 3-bromophenol and 2,4-dibromophenol. These results 
indicate that NaOH is superior to decrease in the product oil in bromine compounds other than as an additive 
effect. 
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